DNA strand breaks induced by hydrogen peroxide in isolated rat hepatocytes.
It has been proposed that increased rates of hepatic hydrogen peroxide (H2O2) production may initiate or promote the liver tumors that appear following chronic exposure of rodents to chemicals that cause peroxisome proliferation. However, the effect of H2O2 on the structural integrity of DNA in parenchymal hepatocytes, the target cells of peroxisome proliferator-induced carcinogenesis, is largely uncharacterized. Furthermore, oxidant-induced cellular damage has been invoked as causal of a number of hepatotoxic effects associated with exposure to chemicals other than peroxisome proliferators. For these reasons, alkaline elution analysis was used to study the action of H2O2, added exogenously, on DNA of intact, isolated rat hepatocytes. Addition of a bolus of H2O2 (0.01-1.0 mM) to monolayer cultures of hepatocytes caused concentration-dependent increases in single-strand DNA breaks (SSDB), which were maximal within 30 min of exposure. Cytotoxicity, as measured by lactate dehydrogenase (LDH) release, was minimal during a 1-h exposure to H2O2 concentrations less than 1 mM, but the efflux of oxidized glutathione was increased. Formation of SSDB was nearly linear with respect to H2O2 concentration in the range 0.1-1.0 mM. No double-strand DNA breaks or DNA-protein crosslinks were identified at H2O2 concentrations of 1 mM or less. Repair of SSDB in H2O2-free medium occurred in a rapid, linear manner only for the first 15 min, resulting in disappearance of 65% of the SSDB. A second, slower phase of SSDB rejoining occurred between 20 and 60 min of incubation in H2O2-free media; at 60 min rejoining was maximal (80% repair). These results define a specific type of DNA damage associated with H2O2 exposure of hepatocytes and suggest that primary cultures of rat hepatocytes are a suitable model for characterizing the potential genotoxic effects of oxidants, particularly excess H2O2 that may occur in the livers of animals exposed chronically to peroxisome proliferators.